Background: Classification of menopausal status is important for epidemiological and clinical studies as well as for clinicians treating midlife women. Most epidemiological studies, including the Study of Women's Health Across the Nation (SWAN), classify women based on self-reported bleeding history.
the SWAN and WISE algorithms by adding hormonal measures to the series of bleeding questions in order to determine more precisely where women are in the perimenopausal continuum.
hormone committee. In this paper, we extend the use of that algorithm by applying it to the cohort of women participating in SWAN and examining characteristics of women with concordant and discordant SWAN and WISE menopausal status classifications at various stages of the menopausal transition. We consider the relative usefulness of these two different types of menopausal status classification algorithms-one that relies on selfreports of menstrual bleeding and one that combines bleeding data and hormone measurements-for epidemiological and clinical studies.
MATERIALS AND METHODS

Study population
SWAN is a multicenter, multiethnic, longitudinal, community-based study designed to characterize the biological and psychosocial changes that occur during the menopausal transition. The SWAN cohort consists of 3302 women who were age 42-52 years with at least one menstrual period in the previous 3 months when they were recruited into the SWAN study in 1995-1997. Women were recruited at seven study sites. The population at each site included Caucasian women and women from one designated minority (Boston, MA, Pittsburgh, PA, the Detroit, MI, area, and Chicago, IL, recruited African American women; Newark, NJ, recruited Hispanic women; Oakland, CA, recruited Chinese women; Los Angeles, CA, recruited Japanese women). Women with previous hysterectomy or bilateral oophorectomy were excluded from SWAN, as were women who took oral contraceptives (OC) or hormone therapy (HT) during the 3 months before the screening interview. Women were seen in the clinic at baseline and then annually for 5 years. The baseline and annual interviews included bleeding history, medical history, and a blood draw. For each follow-up visit, women who reported a hysterectomy, bilateral oophorectomy, or OC or HT use since their last visit were excluded from analyses related to that visit. All participants gave informed consent, and all study procedures were reviewed and approved by the
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LASSIFICATION OF MENOPAUSAL STATUS is important for epidemiological and clinical research studies of midlife women, particularly for studies of menopausal symptoms, aging, and the role of reproductive hormones in various diseases. [1] [2] [3] [4] [5] Menopausal status classification is also important to clinicians treating midlife women who need to be able to identify perimenopausal women in order to counsel them on ways to reduce their risk for chronic diseases, such as osteoporosis and heart disease, and to provide treatment options for menopausal symptoms, such as hot flashes and night sweats. 6, 7 Recently, considerable attention has been given to the development of staging systems for reproductive aging, [8] [9] [10] [11] but no single, agreed-upon standard exists for classification of menopausal status. Most epidemiological studies, including the Study of Women's Health Across the Nation (SWAN), make their determination based on questionnaire data about menstrual bleeding changes. 12, 13 Clinicians, on the other hand, are most likely to combine hormone measurements with bleeding history to determine if a woman is postmenopausal. 14 Both of these approaches have drawbacks, with the former approach being likely to misclassify women who have irregular cycles prior to the transition, and the latter having unknown reliability as a result of the variability in hormone levels during the late perimenopause and postmenopause. A combination of both bleeding questions and hormone levels is intuitively appealing and has been proposed by the Stages of Reproductive Aging Workshop (STRAW) but is not frequently used, given the difficulty in determining how to appropriately categorize hormone levels in women who are undergoing the menopausal transition and the inherent within-woman between-cycle variability. 6, 15 The Women's Ischemia Syndrome Evaluation (WISE) study 16, 17 addressed this problem by developing an algorithm using menstrual and reproductive history and results from serum hormone assays to reproduce the menopausal status classifications assigned by experts on the WISE institutional review boards of the participating institutions. A more detailed description of the SWAN population has been published previously. 18, 19 WISE is a four-center study designed to improve the diagnostic reliability of cardiovascular testing in the evaluation of ischemic heart disease in women. 16 One of the major goals of the WISE study is to evaluate the influence of cyclical hormones, menopausal status, and blood reproductive hormone levels on cardiovascular physiology, symptoms, and diagnostic testing results. The population that served as the basis for the WISE menopausal status algorithm consisted of 515 women, aged 21-86 years, undergoing clinically ordered angiogram for suspected myocardial ischemia. Women who were taking OC or HT were excluded. The WISE study design called for only one participant contact, and the blood draw was not constrained to a specific time in the menstrual cycle. The WISE hormone committee reviewed and adjudicated menopausal status for each of 186 women who could not be definitely classified as postmenopausal, that is, previous bilateral salpingo-oophorectomy (BSO) or age Ն55 years and no menses for 12 months. The WISE study population and WISE hormonal menopausal status algorithm have been previously described. 17 
Measures of reproductive hormones
Phlebotomy was performed in the SWAN study in the morning after overnight fast. Subjects were scheduled for venipuncture on days 2-5 after the onset of menses whenever possible. Women with blood draws that occurred outside of days 2-5 were included in these analyses because the WISE algorithm allows for blood draws at any time during the menstrual cycle.
All SWAN assays were performed on the ACS-180 automated analyzer (Bayer Diagnostics Corporation, Tarrytown, NY) at the CLASS laboratory at the University of Michigan using a double-antibody chemiluminescent immunoassay with a solid-phase anti-IgG immunoglobulin conjugated to paramagnetic particles, antiligand antibody, and competitive ligand labeled with dimethylacridinium ester (DMAE). The folliclestimulating hormone (FSH) assay is a modification of a manual assay kit (Bayer Diagnostics) using two monoclonal antibodies (mAb) directed to different regions on the beta subunit, with a lower limit of detection (LLD) of 1.05 mIU/mL. The estradiol (E 2 ) assay modifies the rabbit anti-E 2-6 ACS-180 immunoassay to increase sensitivity, with an LLD of 1.0 pg/mL. Duplicate E 2 assays were conducted, with results reported as the arithmetic mean for each subject, with a coefficient of variation (CV) of 3%-12%. FSH assays were single determinations. 20 The WISE study used the Diagnostic Products Corporation (Los Angeles, CA) coat-a-count kits for their FSH assay. E 2 was measured using steroid column extraction and subsequent assays. The CLASS laboratory that performed the SWAN FSH and E 2 assays had previously determined that differences in sample collection and storage, as well as assay differences, caused systematically higher FSH readings in SWAN than in WISE. Therefore, the CLASS laboratory recalculated the previously published WISE FSH cutoff points of 10, 20, and 30 for menopausal classification and converted them to SWAN FSH measurements of 16, 33, and 50, respectively, in order to account for differences in the two studies' FSH measurements (Dan McConnell, University of Michigan, personal communication, 2004). The CLASS laboratory determined that no adjustments were necessary for the E 2 cutoff points.
SWAN and WISE menopausal status algorithms
Following the Massachusetts Women's Health Study, 13 SWAN defines four menopausal status categories: premenopausal, Ͻ3 months of amenorrhea and no increase in menstrual irregularity in the past year; early perimenopausal, Ͻ3 months of amenorrhea with some increase in menstrual irregularity; late perimenopausal, between 3 and 11 months of amenorrhea; postmenopausal, 12 or more consecutive months of amenorrhea with no medical cause other than menopause. SWAN classifies women who have had a hysterectomy or a BSO as surgically menopausal, a separate category from women who are naturally postmenopausal.
The WISE hormonal classification committee, consisting of two reproductive endocrinologists, two clinical cardiologists, a statistician, and a nurse, categorized each woman in the WISE study into one of three status categories: premenopausal, perimenopausal, or postmenopausal. 17 These classifications were based on age, body mass index (BMI), smoking history, history of a hysterectomy with or without bilateral or unilateral oophorectomy, cycle regularity, time since last menstrual period (LMP), and serum FSH, luteinizing hormone (LH), E 2 , estrone (E 1 ), and progesterone (PO) measurements. Using these committee-defined menopausal status classifications as the reference standard, the committee iteratively simplified the classification process into a decision tree by identifying the most important variables for status classification and establishing cutoff points that would reproduce the experts' status classification. The WISE algorithm requires age, time since last menstrual period, serum E 2 and FSH values, and history of hysterectomy or BSO. Because SWAN separates surgical menopause from all other menopausal status classifications, we did not include the hysterectomy and BSO components of the WISE algorithm in our classification comparisons. Figure  1 illustrates the WISE algorithm for women who have not had a hysterectomy or BSO.
To evaluate agreement, we equated the SWAN premenopausal and postmenopausal classifications to the WISE premenopausal and postmenopausal classifications, respectively. Because the WISE classification scheme includes a single perimenopausal category and the SWAN classification scheme includes both early and late perimenopausal categories, we equated both the SWAN early and SWAN late perimenopausal classifications to the WISE perimenopausal classification. We applied the two classification schemes to the SWAN population at baseline and at the fifth year of follow-up. Kappa statistics were computed to assess agreement. Sensitivity and specificity were not computed because there is no single, agreed-upon standard for menopausal classification. In order to examine differences between concordant and discordant women, we ordered the concordant and discordant subgroups by mean chronological age, which we used as a proxy for ovarian age. We then performed statistical tests for trend to detect whether there were linearly increasing or decreasing trends across the groups for presence of menopausal symptoms in the 2 weeks before the interview, for depressive symptomatology, and for E 2 and FSH levels. We used the Cochrane-Armitage test for trend for dichotomous variable and an analogous nonparametric test based on Cuzick's Wilcoxon-type test for trend 21 for continuous variables (STATA nptrend procedure). For follow-up visit 5, we limited this analysis to concordant and discordant subgroups with 50 or more women.
RESULTS
Based on SWAN's eligibility criteria, all women were classified as either premenopausal or early perimenopausal by SWAN at baseline. We applied the WISE hormonal algorithm to 3215 SWAN women (47% Caucasian, 29% African American, 8% Chinese, 8% Hispanic, and 8% Japanese) who had age, hormone measures, and bleeding history information available at study entry. Of these women, 1724 (53.6 %) were classified as premenopausal, and 1491 (46.4%) were classified as early perimenopausal by the SWAN status classification algorithm ( Table 1 ). The majority of women (88.5%) who were classified as premenopausal by SWAN were also classified as premenopausal by WISE; 11.5% were classified as WISE perimenopausal because they had an FSH value Ն33. Of the women classified as early perimenopausal by SWAN, 63.0% were also classified as perimenopausal by WISE, whereas 37% were classified as premenopausal by WISE because of irregular cycles and an FSH value Ͻ16. The majority of women (2466, 76.7%) received concordant classifications with the SWAN and WISE algorithms based on information from the SWAN baseline visit. The kappa statistic for agreement was 0.52, indicating moderate agreement.
To further explore discordance at baseline, we categorized women into the following four categories and ordered the groups by mean chronological age:
1. Concordant for premenopausal 2. Discordant: SWAN early perimenopausal and WISE premenopausal 3. Discordant: SWAN premenopausal and WISE perimenopausal 4. Concordant for perimenopausal Looking across these subgroups of women, we found statistically significant linear trends (Cochrane-Armitage test for trend) for increased likelihood of reporting menopausal symptoms (hot flashes, cold sweats, and night sweats) in the 2 weeks before the baseline interview as we moved from the subgroups of women who were earliest in the menopausal transition (concordant for premenopausal) to those who were furthest along in the transition (concordant for perimenopausal) ( Table 2 ). As expected, we also found significant linear trends for increasing mean FSH levels and decreasing mean estrogen levels as we moved from subgroups of women who were earlier to those who were later in the JOHNSTON ET AL. 1188 menopausal transition (STATA nptrend procedure for continuous variables).
At the fifth follow-up interview, 1623 SWAN women had complete information, had not had a hysterectomy or BSO, and did not report HT use since the last study visit. Table 3 shows the cross-tabulation of SWAN and WISE menopausal status classification at follow-up visit 5. Thirty-five women (2.2%) who were identified as Unable to classify by the WISE algorithm were excluded from Table 3 . Again, the majority of women (1154, 72.7%) received concordant classifications. The kappa statistic for agreement was 0.57, again indicating moderate agreement.
Because of the large number of possible discordant classifications, we limited our analysis of concordant and discordant classification groups at follow-up visit 5 to the six groups that contained at least 50 women. The 80 women (5.0%) with discordant classifications that did not fall into one of these six groups were excluded from Again, we found statistically significant linear trends for increased likelihood of reporting menopausal symptoms (hot flashes, cold sweats, and night sweats) in the 2 weeks before the baseline interview as we moved from subgroups of women who were earlier in the menopausal transition to those who were later in the transition, with a noticeable flattening out at the 60% level for the reporting of hot flashes in the previous 2 weeks in the groups that were close to or had become postmenopausal (Table 4) . Again, as expected, we found significant linear trends for increasing mean FSH levels and decreasing mean estrogen levels as we moved from subgroups of women who were earlier to those who were later in the menopausal transition.
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DISCUSSION
In this study, we applied the WISE menopausal status classification algorithm, which includes the use of hormone levels, to women who had previously been classified using the SWAN menopausal status classification algorithm, which does not include hormone levels. We found that the two algorithms agreed for 77% of the SWAN women at baseline and for 73% of the SWAN women at the fifth annual follow-up visit. We further found that by combining the two algorithms, we could categorize women more finely. At baseline, we found highly significant differences in both estrogen and FSH levels between the two groups of women with discordant classifications, suggesting that hormone measurements may be useful when it is important to determine where women are in the continuum from premenopause to early perimenopause. At follow-up visit 5, we found noticeable steady increases in FSH values as we moved through the various concordant and discordant classification groups ordered according to mean chronological age. Again, this suggests that hormone levels may be useful for differentiating between premenopause and early and late perimenopause. Menopausal transition stage is important in epidemiological and clinical research studies that include midlife women and in studies focused on understanding the natural history of the menopausal transition or the effect hormonal and other interventions have on that natural history. As the menopausal transition is a gradual and variable process, it is often difficult to determine a woman's menopausal status category. This study compared two proposed algorithms for classification and found moderate agreement between them. With no single agreed-upon standard for determining menopausal status, it is not surprising that two population-based algorithms that include different number of stages show some disagreement, particularly in regard to perimenopausal women.
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The SWAN menstrually defined status categories are similar to those used by the Massachusetts Women's Health Study 13 and included in World Health Organization (WHO) reports. 22 The WISE algorithm was developed using a classification tree approach, with validation against classifications made by an expert committee. The WISE algorithm can be applied to women who may have stopped cycling for reasons unrelated to the menopause transition, such as hysterectomy, an important consideration for large epidemiological studies. Because SWAN's menstrually defined categories do not allow for menopausal status classification for women who have stopped cycling as a result of a hysterectomy, these women were not included in the comparison of the two algorithms.
The best method for determining menopausal status for a particular study or a particular woman will depend on characteristics of the study population or the individual, on the possibilities for data collection, and on the purpose of the assessment. For example, a study designed to test guidelines for physicians' counseling women on when to start monitoring bone mineral density (BMD) may need to depend on self-reported bleeding. A cardiovascular clinical trial evaluating the vascular effects of exogenous hormones may require precise measurements of endogenous hormone levels irrespective of bleeding history. Finally, a patient with severe menopausal symptomatology requiring treatment may warrant a combination of measurements of menstrual history, prospective menstrual charting, and hormone measurements to best assess her progress through the transition, whereas a mildly symptomatic patient will require a much less intensive assessment.
Two important questions researchers must consider are whether the additional information provided by hormone assays will improve status classification and whether the improvement is sufficient to warrant the added participant burden and cost. Although it has been shown that, on average, FSH levels are higher in women who are further along compared with those who are earlier in the transition, 15, 23 FSH levels for an individual woman may be extremely variable in the time leading up to the final menstrual period and, therefore, cannot be used in isolation to determine menopausal status. 24 Estrogen levels also have been shown to be highly variable during the menopausal transition. 15, 23 Although it is not recommended that hormone levels alone be used to determine menopausal status, the approach used by the WISE algorithm combining hormone measurements with age and bleeding history may be well suited for study populations and clinical samples that include premenopausal and perimenopausal women who are not cycling regularly because of various health conditions. The WISE algorithm has the added benefit of categorizing women with a prior hysterectomy, a group that constitutes approximately 30% of women in this age group in the United States. 25 It is not possible for the SWAN algorithm, which is based on bleeding history, to assign menopausal status to women who have undergone a hysterectomy. On the other hand, the SWAN algorithm has the advantage of differentiating between early and late perimenopause among women without hysterectomy.
Combining the two approaches may be useful when there is a need to determine status more precisely than is currently done by either
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SWAN or WISE. The STRAW proposed a staging system with seven stages ranging from early reproductive through late postmenopause. STRAW participants considered menstrual cyclicity, endocrinology, menopausal symptoms, fertility, and pelvic anatomy when developing their staging system for female reproductive aging; however, STRAW's staging criteria depend primarily on changes in bleeding characteristics and FSH levels. 8 A recent multicohort evaluation of the STRAW criteria recommends inclusion of specific FSH values in defining menopausal stage. 26 The classification tree used in the WISE algorithm was developed based on a small number (n ϭ 32) of women considered perimenopausal by the WISE hormone committee, all of whom were undergoing clinically ordered angiograms for suspected myocardial infarction. 17 Therefore, the decision points in the WISE algorithm may not be generalizable to more diverse populations.
Hormone levels may vary depending on the specific laboratory and assay. In our study, it was necessary to adjust the FSH, but not E 2 , levels because of differences in the SWAN and WISE FSH assays.
CONCLUSIONS
The WISE algorithm is a useful tool for studies that have access to blood samples for hormone data unrelated to menstrual cycle phase, with or without an intact uterus, and no resources for adjudication. Our findings suggest that a menstrual status classification algorithm that relies solely on bleeding data can effectively distinguish among premenopausal, perimenopausal, and postmenopausal women. Future studies may want to combine aspects of the SWAN and WISE algorithms by adding hormonal measures to the series of bleeding questions to determine more precisely, at a population-based level, where women are in the perimenopausal continuum. Clinicians with access to more detailed information on their patients may be able to make more accurate assessments of menopausal status for individual women. Further work is needed to more precisely define the optimal bleeding and hormonal criteria for staging menopausal aging, building on these and other proposed approach. [8] [9] [10] [11] 
